1. Introduction
===============

Leiomyosarcomas (LMS) represent one of the most common types of soft tissue sarcoma (STS), accounting for about 7% to 10% of all STS, involving different anatomic sites, especially the retroperitoneum, the genitourinary tract, and the extremities. LMS can also occur in the bone, as primary or secondary tumor localization from distant sites, although the former is fairly uncommon, with \<0.7% incidence of all primary malignant bone tumors.^\[[@R1]\]^ The clinical behavior of bone LMS is generally aggressive. Most of the published studies on bone LMS have reported poor prognosis with a 35% overall survival (OS) rate.^\[[@R2]\]^

LMS diagnosis should be performed in highly specialized centers and is established by the presence of morphologically typical spindle cells for smooth muscle differentiation and the positivity of a smooth muscle actin (SMA) and other muscle markers on tumor cells, such as desmin and h-caldesmon.^\[[@R3]\]^ Furthermore, the specific characteristic of primary bone LMS is the absence of either osteoid or chondroid matrix.^\[[@R4],[@R5]\]^ The molecular pathogenesis and biological heterogeneity of LMS have not yet been clarified.

The optimal management of primary bone LMS should be performed by a multidisciplinary team of experts in specialized referral centers. Nowadays, although the wide surgical removal of the primary lesion is the cornerstone of treatment for the localized disease with the aim to obtain clear surgical margins with a curative intent, the role of chemotherapy is currently under discussion.^\[[@R6],[@R7]\]^ Chemotherapy is the principal treatment option with a palliative purpose in the metastatic setting, even though the optimal chemotherapy scheme is still to be defined and few chemotherapy agents have shown any activity against LMS due to the lack of data on this subtype of sarcoma.^\[[@R8]--[@R10]\]^

There is an urgent need for a better understanding of the molecular mechanisms in STS pathogenesis, considering the different anatomic variants, especially the most rare ones, including primary bone LMS. New therapies and dedicated clinical trials are thus required to improve the outcomes of STS patients. This paper provides an overview of the major primary bone LMS clinical and histopatologic characteristics and their management. We also report our experience of a patient with localized, surgically treated primary bone LMS in the left clavicle.

2. Case report
==============

Ethics approval was not necessary for this work due to its design (Case Report). Written informed consent was obtained from our patient for the submission of this manuscript and accompanying images.

A 52-year-old male patient presented with a solitary bone lesion in the left clavicle. His past medical history was positive for diabetes mellitus treated with oral hypoglycemic agents. There was no history of smoking or alcohol consumption. He reported mild pain and a solitary mass in the left clavicle. Ultrasound and x-ray imaging of the clavicle showed the presence of an osteo-rarefaction area associated with bone fracture without apparent pathological features. The formation gradually increased in size with a worsening of the pain. A subsequent CT scan of the left clavicle showed the presence of osteolytic lesions with a focal cortical destruction possibly correlated to pathologic fracture. The lesion was located predominantly in the medullary cavity and presented a soft tissue extension from the bone with indistinct tumor margins.

The patient was evaluated at our Institute by an Osteoncology Multidisciplinary Team, composed of an orthopedist, an oncologist, a radiologist, a pathologist, a radiotherapist, a physiatrist, a palliative therapist, and a nuclear medicine physician. The team suggested a biopsy of the bone lesion. The patient initially refused the biopsy. Two months later, due to the persistence of the pain, he performed another CT scan of the chest that revealed an increase in the size of the bone lesion, macroscopically measuring 5 cm, with multiple pathologic fractures and pathologically associated tumor tissue and cortical destruction (Fig. [1](#F1){ref-type="fig"}). The patient accepted to undergo biopsy of the lesion, which revealed the presence of spindle cells with positive reaction for SMA and desmin at immunohistochemical analysis, without the presence of cartilage or bone matrix. These results were consistent with a high-grade malignant LMS arising from the bone. A total body CT scan was performed after the biopsy, which provided no evidence of metastatic disease or other primary tumors. The multidisciplinary team reviewed the patient clinical condition, the radiographic imaging, and the results of the biopsy, suggesting surgery of the bone LMS. Subsequently, the patient underwent surgery for removing the bone lesion in the left clavicle.

![Axial CT scan images revealing the intraosseous lesion in the left clavicle with multiple pathologic fractures and pathologic-associated tumor tissue and cortical destruction.](medi-96-e8545-g001){#F1}

Macroscopically, the histological examination of the resected bone lesion showed that the lesion was 3.5 cm wide and located in the medulla and cortex of the left clavicle with destruction of the cortex. Although there were no foci of necrosis, hemorrhage, or cystic changes, the presence of myofilaments and fibroblasts was detected. Microscopically, the tumor cells were morphologically related to LMS, and immunohistochemistry was positive for SMA, desmin, and caldesmon. Absence of staining for cytokeratin, S100 protein, or epithelial markers, and of osteoid or chondroid matrix was confirmed (Fig. [2](#F2){ref-type="fig"}). The surgical margins were negative. The neoplasm was classified according to the Enneking staging system as a high-grade extracompartimental tumor, stage IIB. The total body CT scan after surgery was negative, showing no tumor lesions in other anatomical sites.

![Histological aspects of the tumor tissue: (A) fascicles of spindle cells and pleomorphic cells with eosinophilic cytoplasm x 10 (1) and x 20 (2); (B) immunohistochemical results: expression of smooth muscle actin (1) and desmin (2).](medi-96-e8545-g002){#F2}

As the postoperative course was uneventful, no adjuvant chemotherapy or radiotherapy was administered, after making shared decisions with the patient. A strict follow-up was planned with clinical and radiological evaluations every 3 months for the first 2 years. After 1 year of surgery, the patient is in good health condition, showing no symptoms and continuing the follow-up without evidence of recurrent or metastatic disease.

3. Discussion
=============

LMS is an aggressive sarcoma that can arise in different anatomic sites, including the bone, showing similar histological characteristics, but heterogeneous clinical behavior and different prognosis. Primary bone LMS, first described in 1965, is a rare type of sarcoma, accounting for \<0.7% of all primary malignant bone tumors.^\[[@R1]--[@R3],[@R11]\]^ Bone tumors are usually first diagnosed with radiographic imaging. The principal radiological feature consists in a solitary osteolytic lesion with indistinct margins and cortical destruction with no presence of bone matrix production. Rarely, osteolytic lesions can be associated with tumor tissue.^\[[@R3]--[@R5]\]^ The most common symptoms are pain, swelling, and, occasionally, a palpable mass. In about 15% of cases, patients present with a pathological fracture.^\[[@R12]\]^

Histopathologic analysis in specialized centers represents the gold standard for the diagnosis of sarcomas, including LMS. The histopathologic characteristics of primary bone LMS are identical to those arising from other more common anatomic sites, showing the same morphological and phenotypic features as smooth-muscle differentiation.^\[[@R13]\]^ The classic morphological pattern of LMS is represented by spindle cells, which are usually disposed in fascicles and intersect at perpendicular angles. Tumor cells show cytological atypia with cigar-shaped nuclei and abundant eosinophilic and fibrillar cytoplasm.^\[[@R14]\]^ The immunohistochemistry expression of desmin, actin, and h-caldesmon represents the most significant element of a smooth muscle differentiation correlated to LMS diagnosis. None of these is absolutely specific for smooth muscle and for this reason the positivity of at least 2 of these markers provides a more confident diagnosis for LMS.^\[[@R13]\]^

Primary bone LMS diagnosis is characterized by the absence of either osteoid or chondroid matrix LMS. This type of tumor is usually circumscribed with the extensive infiltration of the trabecular bone. Areas of tumor necrosis or hemorrhage can be observed.^\[[@R5],[@R12]\]^ Primary bone LMS mostly presents a high histologic grade, showing many single or small, disorganized groups of spindle cells of different sizes showing nuclear pleomorphism, hyperchromasia, and prominent nucleoli. Low-grade tumors are often characterized by the prevalence of fascicles of spindle cells with relatively abundant dense fibrillar cytoplasm, elongated nuclei, and minimal nuclear atypia.^\[[@R4]\]^ The main differential diagnoses include, among others, osteosarcoma, chondrosarcoma, and metastatic carcinoma. The lack of malignant osteoid or chondroid matrix and epithelial markers excludes the presence of osteosarcoma, chondrosarcoma bone sarcoma subtypes, and metastatic carcinoma, respectively.^\[[@R5],[@R12],[@R15]\]^

Clinical features of primary bone LMS and relevant prognostic factors are not well defined due to the few available data obtained mostly from retrospective analyses, case reports, and small case series. Potential risk factors have been associated with the pathogenesis of bone LMS, including Paget disease of the bone and orthopedic implant. A case of bone LMS in the femur secondary to bone infarction has also been reported, possibly due to a continuous reparative process and a vascular proliferation around the area of osteonecrosis.^\[[@R16]--[@R18]\]^ Cases of intraosseous LMS secondary to radiation therapy, although very sporadic, have also been described.^\[[@R19],[@R20]\]^

Antonescu et al^\[[@R9]\]^ in 1997 tried to stratify the prognosis of 33 patients with primary bone LMS according to the histological grade, showing no significant difference in either recurrence or OS rates in low- and high-grade tumors. A case series evaluating the outcome in 8 patients with bone LMS showed that all patients developed metastasis within 12 months of primary diagnosis, regardless of the tumor grade.^\[[@R15]\]^ A monocentric study evaluated the incidence, outcome, and prognostic factors associated with primary spindle cell bone sarcomas. A total of 196 patients with these types of bone sarcoma treated with the intent to cure, 30 of which were bone LMS, had similar outcomes compared with osteosarcoma patients treated at the same center at the same time. The most important prognostic factors associated with a decrease in survival were age \>40 years, size \>8 cm, the presence of a pathological fracture, amputation, involved margins, and a poor response to preoperative chemotherapy.^\[[@R21],[@R22]\]^ Our patient presented with progressive pain and a solitary mass in the left clavicle, which ultrasound and x-ray revealed to be an osteolytic formation with associated pathologic fracture and tumor tissue. A subsequent CT scan confirmed the radiological characteristics of the lesion. The clinical presentation and the radiographic imaging of the solitary intraosseous formation suggested the presence of a primary bone sarcoma.

The cellular origin of bone LMS has not been clearly established. Interestingly, there are 2 main hypotheses about the origin of primary bone LMS: the first suggests that it can arise from vascular smooth muscle cells in the bone; the second claims that it originates from intermediate cells, mostly fibroblasts, capable of smooth muscle differentiation.^\[[@R23],[@R24]\]^ As smooth muscle cells have been shown to synthesize connective tissue matrix, and myofilaments and fibroblasts can be present in various differentiation states, sarcomas originating from fibroblastic tissue were thought to possibly develop into a differentiation indistinguishable from LMS.^\[[@R25]\]^ In our case, the presence of myofilaments and fibroblasts in the tumor area suggested the activation of these cells leading to LMS differentiation in the bone, indicating the importance of the microenvironment in the pathogenesis of this disease.

Local recurrence is relatively uncommon, while metastatic disease is more likely to develop early, generally in the first year, than after many years of initial diagnosis. Similarly to other types of STS, the most frequent site of metastasis is the lung; skeletal metastases, occurring mostly in the axial skeleton, are also frequent. Metastases to the liver, adrenal gland, kidney, and lymph nodes have a lower incidence.^\[[@R26]--[@R28]\]^ Because of the low incidence of this type of bone sarcoma, the therapeutic benefit of the treatment is not well acknowledged, making the treatment of bone LMS very challenging. For this reason, the therapeutic decision for primary bone LMS should be made by an experienced multidisciplinary team. The radical surgical treatment of bone LMS with negative margins is similar to that of other primary malignant bone tumors, currently representing the only curative option. Although some authors have reported that complete surgical resection of the tumor is associated with longer OS, the outcome of patients with metastatic disease remains poor.^\[[@R29]\]^

Given the similar biological behavior and chemosensitivity of osteosarcoma and spindle cell sarcomas of the bone, including bone LMS,^\[[@R21],[@R22],[@R30]\]^ it could be reasonable to extrapolate the treatment of osteosarcoma to other bone tumor types. No data, however, are available to support this approach. As the benefits of (neo-)adjuvant chemo- or radiation therapy of the treatment of bone LMS have not been established, it is unclear whether therapeutic approaches similar to those for extra-skeletal LMS or bone sarcomas are suitable also for bone LMS.^\[[@R31]--[@R33]\]^

To date, few dedicated retrospective trials and case series have specifically evaluated the outcomes of patients affected by primary bone LMS (Table [1](#T1){ref-type="table"}). A retrospective trial conducted by Antonescu et al^\[[@R9]\]^ on 33 patients with primary bone LMS treated with chemotherapy and surgery showed a more aggressive behavior associated with the lesions with a prevalent osteolytic component. In this study, 21% of patients received neoadjuvant chemotherapy and no survival difference was reported between those treated with chemotherapy and without chemotherapy. Antonescu et al^\[[@R9]\]^ showed that adjuvant radiotherapy was not associated with a benefit from the treatment of primary bone LMS, suggesting a possible resistance to radiotherapy. Another retrospective study was conducted on 31 bone LMS patients, of whom 18 received neo-adjuvant chemotherapy. This study reported no difference in the survival rate between patients treated with neoadjuvant chemotherapy and untreated patients, indicating that the clinicopathologic stage of the disease and the presence of metastasis at diagnosis were the only prognostic factors.^\[[@R5]\]^ Rekhi et al^\[[@R15]\]^ presented a case series of 8 patients affected by bone LMS, receiving neither adjuvant nor neoadjuvant, chemotherapy nor radiotherapy. All patients developed metastasis within 12 months of first diagnosis, with a clear indication of the poor prognosis of this disease.^\[[@R15]\]^ A retrospective study conducted in Japan on 48 bone LMS patients showed that adjuvant chemotherapy, with cisplatin-based chemotherapy as the most common therapeutic regimen, was not correlated with an improvement in OS.^\[[@R10]\]^ In a 2013 ASCO Annual Meeting abstract of a single-center study evaluating the role of neoadjuvant chemotherapy in the management of the localized disease, patients with high-grade primary bone LMS treated with neoadjuvant doxorubicin- and ifosfamide-based chemotherapy for 2 cycles and surgery were compared with patients with low-grade tumors treated with only surgical resection. The authors concluded that although surgical resection remains the mainstay treatment of bone LMS, the role of neoadjuvant chemotherapy requires further evaluation.^\[[@R34]\]^ Another trial, the European treatment protocol for high-grade spindle cell bone sarcoma in patients \>40 years (EUROBOSS Trial), which includes bone LMS, is currently ongoing to evaluate the role of multiagent chemotherapy, containing DOX, CDP, IFO, and MTX in these tumors and in osteosarcoma (NCT02986503).
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Summary of principal published case series focused on bone LMS.
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The management of metastatic bone LMS is challenging. Chemotherapy represents the principal approach in metastatic LMS, including in the skeletal variant, even though no clinical studies have yet been carried out specifically on the treatment of metastatic bone LMS. The efficacy of chemotherapy in metastatic sarcoma has been tested on all sarcoma histotypes, including LMS. Cisplatin, doxorubicin or doxorubicin-based chemotherapy, and dacarbazine constitute the most active agents for the treatment of bone sarcoma, and are generally used in the first-line metastatic setting.^\[[@R35]--[@R37]\]^ A prospective study evaluating the role of doxorubicin and cisplatin in 37 patients with high-grade spindle cell sarcomas of the bone other than osteosarcoma or malignant fibrous histiocytoma, including few cases of bone LMS, showed a limited role of chemotherapy in the metastatic setting of these bone sarcomas.^\[[@R38]\]^ The role of adjuvant and neo-adjuvant treatments in localized primary bone LMS and their effect on a long-term prognosis is still unclear. Due to the rarity of this disease, treatment of bone LMS remains highly personalized.

Our patient with localized high-grade primary bone LMS was treated with radical surgery alone following multidisciplinary evaluation and shared decision-making with the patient himself. He has been in good health with no evidence of recurrence or metastatic disease since March 2016. Although literature data would seem to suggest a higher risk of recurrence in the first years after surgery, there is still little information available on the prognosis and clinical course of primary bone LMS treated with surgery alone. In this scenario, it is essential to design translational and clinical trials focused on specific variants of rare tumors that often lack specific treatments, in order to improve the knowledge of the disease biology and to identify more effective "histology-driven" therapeutic agents.
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